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Why mixtures ? 

  

Mixture vs. simple nuclide in the real life: mainly mixtures 
 

Often-used module in other applications 
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Nuclide Mixtures  



Go to Nuclide Mixtures Application… 



My Mixtures 

Nuclide mixtures in 

bold are Sample 

Mixtures 

Other mixtures are 

user created 

To edit click on 

mixture… 



Nuclide mixtures  

Wiki page (Help) 

 

Full technical  

documentation 



Edit 

 

Nuclide Mixture  

example: 

natural uranium 



Create 

 a new mixture: 



Create a new mixture:  

Details 

1. In Edit tab, enter a 

name for the mixture 

2. Enter short description 

3. Enter components  

„(add a new nuclide)“ 

• Choose a nuclide 

• Select a unit 

• Enter the quantity 

• Update grid 

4. Save the mixture 



Create a new mixture: 

Details 



Rescale feature… 

 

Rescale results  

for example  

from 100 atoms to 1 kg! 



Import  a new mixture: 

Allowed File Formats 

 

Description of format in 1st line: 
 

• Nuclide, Activity (Bq) 
 

• Nuclide, Activity (Ci) 
 

• Nuclide, Mass(g) 
 

• Nuclide, Atoms 

 

• Nuclide, Moles 

 

 

For the nuclide, the following formats are 

allowed: 
 

• Co60, (no blank between the element 

symbol and the isotope) 
 

• Cs 137, (with blank), 
 

• I-123, (with hyphen) 
 

• Tc-99m, (with hyphen and metastable 

state) 

 

 

Some typical running times 
 

• Nuclides = 30, 

• Mass Activity Converter <1s 

• Decay Engine++ 10s 

• Dosimetry & Shielding++ 17s (no daughters), 20s (with daughters) 

• Gamma Spectrum Generator 80s 

• Cambio File Converter <5s 

• WESPA <7s 



Sample Mixtures:  

Pre-defined Mixtures 



Create a new mixture: 

Save & Download mixture 



Send a Nuclide Mixture to a 

colleague 

There are two possibilities to do this: 

 

1. Download an already existing mixture to your 

PC. Send this mixture as an email attachment 

to your colleague. The colleague will have to 

store this mixtures on his/her PC and then 

upload it to the Nuclide Mixtures. 

 

2. Use the Send to my contacts feature  

(described here) in the Nuclide Mixtures: 

 

(a) Tick the check boxes for the 

mixture(s) to be sent (assume 

mixture(s) has already been created). 

 

(b) In the Send to my contacts, select the 

contact from the drop-down list 

(assume contact already exits in My 

Contacts) 



Abundance:  

The isotopic abundance of an isotope is the fraction of the atoms in the element of that 

isotope. Isotopic abundancies are usually expressed in atom %. 

Abundance and Enrichment 

The quantities abundance and enrichment are often 

confused. Whereas the abundance refers to a fraction of 

the number of atoms or atom percent, the enrichment 

refers to mass. The abundancies are given, for example, 

in the Karlsruhe Nuclide Chart and in Nucleonica. 

Enrichment: 

Enrichment is normally used in connection with enriched uranium and refers to masses 

i.e. uranium containing a greater mass percentage of uranium-235 than 0.72%. 
 

Denoting the masses of uranium isotopes by m4 (mass U-234), m5 (mass U-235), and 

m8 (mass U-238), the enrichment of U-235 in a uranium sample is defined as: 

x5 = m5 / mU = m5 / (m4 + m5 + m8) 



1. Create a nuclide mixture for natural uranium (metallic): 
 

a) Create a nuclide mixture containing 100 atoms of natural uranium using the isotopic 

abundancies given in the Karlsruhe Nuclide Chart (KNC) i.e.: 
 

U-238: 99.2742 atoms 

U-235:   0.7204 atoms 

U-234:   0.0054 atoms 

 
 

 

 b) Rescale the results to 1 kg (click on "Total" in the grid to rescale the results) 
 

   

Exercises:  

Creating and Using Nuclide Mixtures in Nucleonica 



2. Create a nuclide mixture for natural uranium dioxide: 
 

a) Create a nuclide mixture containing 100 atoms for uranium oxide using the isotopic abundancies 

in the KNC i.e.: 
 

U-238: 99.2742 atoms,  

U-235: 0.7204 atoms,  

U-234: 0.0054 atoms 

 

In uranium dioxide (UO2) for every uranium atom there are two oxygen atoms. Hence add 200 

atoms of oxygen with the isotopic abundancies given in the KNC i.e.: 
 

O-16: 99.757 x 2 = 199.514 atoms 

O-17:   0.038 x 2 =     0.076 atoms 

O-18:   0.205 x 2 =     0.410 atoms 

 

b) Rescale the results to 3 moles (!) (click on "Total" in the grid to rescale the results) 

 

Exercises:  Creating and Using  Nuclide Mixtures in Nucleonica 



3. Create a nuclide mixture for natural UO2 by adding elements U and O 

(rather than nuclides)  

Click on new Nuclide 

or new Element to see 

nuclides/ elements 



4. Create a nuclide mixture for Zirconium Hydride ZrH1.6  



5. Create a nuclide mixture for 

Zircaloy-4  

Zircaloy-4 mixture: Using the previously 

described procedure even more 

complicated mixtures can be created. 

One such example is Zircaloy-4 (Zyr-4) 

which is used as a cladding material in 

nuclear power reactors. 

 

Composition of Zircaloy-4 (gram/kg 

Zyr-4): H (0.025),B (0.0005), C (0.27), 

O (1.6), Mg (0.02), Al (0.075), Si (0.12), 

N (0.065), Ti (0.05), Cr (1.3), Mn (0.05), 

Fe (2.4), Co (0.02), Ni (0.07), Cu 

(0.05), Zr (976.559), Mo (0.05), Cd 

(0.0005), Sn (17), Hf (0.1), W (0.1), U 

(0.075) 

 

Create a mixture using only the main 5 

elements (which accounts for 99.8859 

of the mass) 



Exercises: Creating and Using Nuclide Mixtures in Nucleonica 

6. Create a nuclide mixture for enriched uranium (metallic) where the U-235 enrichment is 4% 

(include U-234 in the calculation). 
 

Denoting the masses of uranium isotopes by m4 (mass U-234), m5 (mass U-235), and m8 

(mass U-238), the enrichment of U-235, x5, in a uranium sample is defined as: 

x5 = m5 / mU = m5 / (m4 + m5 + m8) 

In enriched uranium, assume the ratio of masses m4/m5 same as in natural U i.e. 

m4/m5  = 2.099e-24/2.812e-22 = 7.46e-3 (see Appendix) 
 

 m4 = 7.46e-3*m5 

m5 = x5*m8 / (1- x5*1.00746) 

        For x = 0.04, m8 =100 g: 

m5 = 4 / 0.9597 = 4.168 g, 

m4 = 7.46e-3*m5 = 3.109e-2 g 

Now rescale to 100 g  



a) Start with the nuclide mixtures for 

100 g 4% enriched uranium i.e. 

 

 

 

b) In a second step, rescale the 

mixture to 100 atoms, i.e. 

 

 

 

c) Now add 200 atoms of oxygen 

isotopes as in example 2.  

 

 
 

Exercises: Creating and Using Nuclide Mixtures in Nucleonica 

 

7. Create a nuclide mixture for enriched uranium dioxide where the U-235 enrichment is 4% 

(include U-234 and oxygen isotopes in the calculation). 
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x5 = m5 / mU = m5 / (m4 + m5 + m8) 

In enriched uranium, assume the ratio of masses m4/m5 same as in natural U i.e. 

m4/m5  = 2.099e-24/2.812e-22 = 7.46e-3 

 

 m4 = 7.46e-3*m5 

x5 = m5/(7.46e-3*m5 + m5 + m8) = m5/(1.00746*m5 + m8) 
 

m5 = x5 * (1.00746*m5+m8) = x5*1.00746*m5 + x5*m8 
 

m5 (1- x5*1.00746) = x5*m8 
 

==> m5 = x5*m8 / (1- x5*1.00746) 

 

For x5 = 0.04, m8 =100 g: 

m5 = 4 / 0.9597 = 4.168 g, 

m4 = 7.46e-3*m5 = 3.109e-2 g 

 

Appendix 


